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ABSTRACT 
 
Background. Subjective memory complaints are common after coronary artery bypass grafting 
(CABG), but previous studies have concluded that such symptoms are more closely associated with 
depressed mood than objective cognitive dysfunction.  We compared the incidence of self-reported 
memory symptoms at 3 and 12 months after CABG with that of a control group of patients with 
comparable risk factors for coronary artery disease  but without surgery. 
 
Methods. Patients undergoing CABG (n = 140) and a demographically similar nonsurgical control 
group with coronary artery disease (n = 92)  were followed prospectively at 3 and 12 months. At 
each follow-up time, participants were asked about changes since the previous evaluation in areas of 
memory, calculations, reading, and personality. A Functional Status Questionnaire (FSQ) and self-
report measure of  symptoms of depression (CES-D) were also completed. 
 
Results.  The frequency of self-reported changes in memory, personality, and reading at 3 months 
was significantly higher among CABG patients than among nonsurgical controls. By contrast, there 
were no differences in the frequency of self-reported symptoms relating to calculations or overall 
rating of functional status. After adjusting for a measure of depression (CES-D rating score), the risk 
for self-reported memory changes remained nearly 5 times higher among the CABG patients than 
control subjects.  The relative risk of developing new self-reported memory symptoms between 3 
and 12 months was 2.5 times higher among CABG patients than among nonsurgical controls (CI 
1.24 – 5.02), and the overall prevalence of memory symptoms at 12 months was also higher among 
CABG patients (39%) than controls (14%). 
 
Conclusions.  The frequency of self-reported memory symptoms 3 and 12 months after baseline is 
significantly higher among CABG patients than control patients with comparable risk factors for 
coronary and cerebrovascular disease.  These differences could not be accounted for by symptoms of 
depression. The self-reported cognitive symptoms appear to be relatively specific for memory, and 
may reflect aspects of memory functioning that are not captured by traditional measures of new 
verbal learning and memory.  The etiology of these self-reported memory symptoms remains 
unclear, but our findings as well as those of others, may implicate factors other than 
cardiopulmonary bypass itself. 
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INTRODUCTION 
 
Over 400,000 persons undergo coronary artery bypass grafting (CABG) each year in the United 
States. Although effective for the relief of angina, the most prominent symptom of coronary artery 
disease, both short- and long-term neurological complications are associated with this procedure. 
Postoperatively, the phenomena of stroke and encephalopathy are well recognized. Similarly, 
transient problems with memory are well recognized. Less well characterized are the longer term 
problems with cognition, reflected in the complaints of many patients that “I can’t remember things 
the way I used to;” or  “I’m just not quite the same” as before surgery. 1 
    
The most common approach to evaluate both short- and longer term postoperative cognitive changes 
has been to administer standardized neuropsychological tests before and after the surgery.  An 
alternative approach has been to ask patients about self-perceived changes in memory and other 
cognitive functions. 2 Some studies that have compared these two approaches have concluded that 
subjective memory complaints do not necessarily correlate with objective measures of memory 
performance. Rather, subjective cognitive complaints tend to be more strongly associated with 
measures of mood, and many investigators have therefore concluded that subjective symptoms 
reflect an underlying depression rather than actual cognitive impairment. 3,4 These studies have 
typically relied on cross-sectional measurements of cognitive performance, however; consequently it 
is not known whether a similar relationship would be seen if subjective cognitive changes were 
compared with prospective longitudinal change in cognitive test performance. Although some 
studies have included surgical control groups, 5,6 few contemporary studies have included a 
nonsurgical control group with comparable risk factors for cerebrovascular disease.7  A critical 
Hosted by The Berkeley Electronic Press
Subjective symptoms CABG  
 Page 4 
question is whether the self-reported changes are more common in CABG patients than in control 
patients with a comparable degree of cardiovascular disease.8  
To further evaluate subjective cognitive changes after CABG, we elicited self-reports of 
change in personality, overall functional status, memory, and other cognitive functions at 3 and 12 
months after surgery. We included a group of patients with coronary artery disease diagnosed by 
cardiac catheterization as our nonsurgical control group.   The control patients were similar to the 
CABG patients in terms of risk factors for both coronary artery disease and cerebrovascular disease. 
In this report, we describe the incidence and prevalence of self-reported cognitive changes from 
baseline to 3 months and 12 months.    
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MATERIALS AND METHODS 
Patients 
 
Eligible CABG patients from all cardiac surgeons at our institution participated in the study, which 
was approved by the Johns Hopkins Institutional Review Board on 07/14/1997. Patients were 
approached who were native English speaking, not intubated, able to sit upright, and able to give 
informed consent. Enrollment was completed from September 1997 through March 1999.  One-
hundred and forty patients (approximately 12% of the 1129 patients who underwent CABG during 
that time period) agreed to participate in the study and completed written informed consent and 
baseline cognitive testing.  For the nonsurgical controls, we asked three Johns Hopkins cardiologists 
to identify potential patients who were diagnosed with coronary artery disease (by cardiac 
catheterization).  These patients were offered a study pamphlet at their office visit and were then 
contacted by study coordinators to determine if they were interested in participating. Patients were 
enrolled with the same inclusion criteria listed above for CABG patients except exclusion for 
previous cardiac surgery. Ninety-two patients  provided written informed consent and completed 
baseline testing. The results of cognitive testing for this group of CABG and nonsurgical control 
patients have been reported separately. 9 Demographic characteristics, including age, gender, and 
race, and medical measurements were recorded at baseline.  At 3 and 12 months after the baseline 
interview the patients had follow-up interviews during which they were questioned on a number of 
medically related factors. 
 
Self-reported symptom assessment.  
Using  a semi-structured interview, we evaluated five subjective outcomes: memory, calculations 
(mental arithmetic, balancing checkbook or making change), personality,  reading the newspaper, 
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and reading books. These questions were designed to assess subjective complaints anecdotally 
expressed by our patients in a previous study. 10 Memory and calculations were binary outcomes 
assigned a value of 1 if a subject reported decline in his or her memory or ability to do calculations 
since the previous interview. They were thus measured only at the follow-up time-points.  The 
question regarding change in personality was also asked only at the follow-up points. Patients were 
asked whether they considered that their personality had improved, changed for the worse, or stayed 
the same since the previous interview.  Reading, defined similarly as to whether or not a patient 
typically read either newspapers or books, was assessed at each visit.  Overall functional status was 
measured by the Functional Status Questionnaire (FSQ), which has nine questions in which a 
subject’s score could range from 0 (lowest functional status) to a maximum of 36 points.11  The 
Center for Epidemiological Studies Depression scale (CES-D) 12 was administered at baseline and at 
3 and 12 months. 
 
Operative technique 
All patients underwent median sternotomy and received at least one arterial graft.  Anesthetic 
technique was standardized and consisted of low-intermediate dose narcotics, inhalation agents, and 
paralytics. Cardiopulmonary bypass was carried out using a Sarns roller head pump, nonpulsatile 
flow, membrane oxygenator, alpha-stat pH blood gas management, antegrade crystalloid 
cardioplegia and topical hypothermia, moderate systemic hypothermia (28-32 °C), and pump flow 
rates to achieve a mean arterial pressure of 60-80 mmHg.  Intraoperative ultrasound aortic scanning 
was not used routinely. Cardiotomy suction was returned to the CPB circuit for all patients.  All 
surgeons but one used double clamp technique. The aortic cross clamp was applied and distal 
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anastomoses were made.  The aortic cross clamp was then released and a sidebiting clamp was 
applied once or twice, after which the proximal anastomoses were made. 
 
Statistical Methods 
 
We used logistic regression models to compare incidence and prevalence rates of each outcome 
between the CABG patients and controls.  For newspaper and books, which were not measured as 
change from a previous interview, we defined the outcome as change from baseline to the follow-up 
point either for the worse (1), or otherwise (0).  For personality, the improvement and no change 
categories were combined so that this was a binary variable in the same form as memory and 
calculations.  We defined FSQ in the same way so that patients either had a decrease in FSQ from 
baseline or not. 
 
We calculated crude relative risks and confidence intervals of self-reported symptoms comparing the 
CABG group and the NSC group by using 2x2 tables.  Because the CABG intervention could not be 
randomly assigned to patients, the groups may differ in baseline characteristics. We used logistic 
regression models to estimate CABG relative risks while controlling for age, gender, and number of 
years of education, the demographic variables that were thought to be potential confounders.  We 
calculated adjusted relative risks of each outcome at both 3 and 12 months. To determine whether 
the relative risks associated with having surgery were substantially reduced after controlling for 
depressed mood,  we also fitted the logistic models adjusting for CES-D score measured at the same 
visit. Note that logistic regression gives coefficients that are log odds ratios, not log relative risks. 
We calculated estimated relative risks based on the mean value of all of the covariates for males, the 
more prevalent gender. By adjusting for potential confounders by logistic regression, the comparison 
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of symptoms is effectively between CABG and NSC patients who are similar with respect to the 
measured variables. Because CABG was not randomized to patients, there may be unmeasured 
differences that cause residual confounding.   
 
To study incidence and maintenance of subjective complaints, we fitted models to the outcome 
measurement at 12 months, stratifying on the 3-month outcome.  The maintenance model was a 
logistic regression fitted to the patients who were complaining at 3 months, thus calculating the risk 
of deterioration between 3 and 12 months as compared to not getting worse, given that there had 
been an initial report of decline between baseline and 3 months.  Hence we are calculating the risk of 
maintaining the reported decline.  The incidence model is a logistic regression fitted to those people 
who reported no change at 3 months, so that a decline from 3 to 12 months is the first such event.  
We approximated the relative risks by odds ratios since very few patients or controls reported 
change for any of the outcomes.  Confidence intervals could therefore be calculated directly by using 
the standard errors of the regression coefficients. 
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RESULTS 
Demographic and medical characteristics 
Of the 140 CABG patients seen before surgery, 116 completed 3-month follow-up testing; 17 
refused; 1 died; and 6 were lost to follow-up. There were 120 who completed 12-month follow-up 
testing; 16 participants refused; 2 died; and 2 were lost to follow-up.  Eighty-four of the 92 
nonsurgical controls completed 3-month testing;  4 refused further testing;  1 died; and 3 were lost to 
follow-up.   There were 83 participants who completed 1-year follow-up testing;  3 died; 3 were lost 
to follow-up; and 3 patients required CABG in the year after study enrollment. There were no 
differences in baseline demographics between participants who completed the study and those who 
did not. 
 
Demographic characteristics for the CABG patients and the nonsurgical controls are shown in Table 
1. The mean age was 2.4 years higher in the nonsurgical controls, but there were no other important 
differences in demographic characteristics between the two study groups. The CABG group did 
differ from the nonsurgical controls in several medical history variables, including a higher 
prevalence of peripheral vascular disease, history of recent myocardial infarction, and number of 
diseased vessels. In contrast, the frequency of previous percutaneous transluminal coronary 
angioplasty (PTCA) was statistically significantly higher among the nonsurgical controls. There was 
no meaningful difference in the prevalence of history of diabetes, hypertension, family history of 
Alzheimer’s disease, or Apo-E distribution in the two groups. The baseline Functional Status 
Questionnaire score (FSQ) was lower in the CABG group, and the mean CES-D score was higher, 
suggesting a higher frequency of self-reported symptoms of depression among the CABG patients at 
baseline.  
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Frequency of subjective complaints at 3- and 12-month follow-up  
 
The proportion of CABG patients and controls reporting changes in personality, functional 
status, memory, and other cognitive functions at 3 and 12 months after baseline is summarized in 
Table 2.  The relative risks for having cognitive or personality changes is shown after adjustment for 
age, education, and gender,  with and without adjustment for CES-D score. At 3 months, the CABG 
patients were more likely to report changes for the worse in memory, personality, and intellectual 
activities such as reading books than the nonsurgical controls. The risk of memory complaints 
among the CABG group was nearly 5 times higher than among the nonsurgical controls (95% CI 1.8 
– 11.4)  By contrast, there were no group differences in overall functional status (FSQ score)  or the 
ability to perform calculations or read newspapers at 3 months. All of the participants reporting 
difficulties with calculations at 3 months also had self-reported memory complaints, but there was 
little overlap between memory complaints and self-reported symptoms for other domains. 
The prevalence of self-reported changes for the worse in memory and personality at 12 
months was also statistically significantly higher among CABG patients than among controls.  After 
adjustment for CES-D score, the risk of having subjective memory complaints at 12 months was 
nearly 3 times higher among CABG patients than among controls (CI 1.8 – 6.3).  The number of 
individuals reporting subjective symptoms in other cognitive domains was low, and there were no 
statistically significant group differences.   
 
Incidence of subjective complaints at 12 months 
We also stratified the subjects who reported subjective symptoms at 12 months by whether or 
not they had reported symptoms at 3 months (Figure 1). Of the 47 CABG patients reporting memory 
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changes at 12 months, only 18 were persistent memory complainers, that is they had reported  
memory complaints at 3 months (56% of those complaining at 3 months.)  The remaining 29 
patients had new memory complaints at 12 months.  The risk of reporting new memory complaints 
at 12 months was 2.5 times as great  (95% CI 1.2 – 5.0) for CABG than for the nonsurgical controls 
(Table 3). There were no group differences in the incidence of self-reported changes for the worse in 
calculations, reading, personality, or functional status. Having subjective memory complaints at 12 
months did not predict having complaints in other cognitive functions or personality.   
 
Relationship of subjective symptoms to depression 
To examine the role of depression, we estimated the relative risks of having memory 
complaints at 3 and 12 months after adjusting for scores on the CES-D (Figure 2) as well as 
demographic variables. The risk of reporting memory complaints, difficulties reading books, and 
personality change at 3 months remained statistically significantly higher among the CABG patients 
than controls even after adjusting for these variables (Table 2). For example, the relative risk of 
memory complaints at 12 months was 4.7 before and 4.9 after controlling for the CES-D score.  
Results were similar when we simultaneously controlled for levels of depressive symptoms at 
previous visits. 
 
Relationship of subjective memory complaints to FSQ 
There were no group differences in the self-reported overall functional status at 3 months or 
12 months. At either time point, change in functional status was not associated with having 
subjective symptoms in memory or other cognitive complaints. Of those whose FSQ scores 
remained unchanged or improved from baseline to 3 months,  a higher proportion of subjects among 
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the nonsurgical controls then had a subsequent decline in FSQ score at 12 months. Of those whose 
FSQ scores declined between baseline and 3 months, there were no group differences in the 
proportion of subjects who worsened between 3 and 12 months.  
 
Relationship of subjective memory complaints to neuropsychological test performance 
 Details of the neuropsychological test performance of these two groups have been previously 
published. 9 In contrast to the higher frequency of self-reported memory symptoms among the 
CABG patients, we did not find any differences between the two groups on summary measures of 
new learning and memory. Although the CABG patients had somewhat lower baseline performance 
on an overall (composite) measure of memory, there were no statistically significant differences 
between the nonsurgical controls and CABG patients in their overall trend of change from baseline 
to 3 or 12 months. (Figure 3)  We considered whether the CABG group might differ from the 
nonsurgical controls in more detailed aspects of memory. Our study did not include specific 
measures of working memory, but the two groups had comparable performance on measures of 
attention (Rey Auditory Verbal Learning test Trial 1) and executive performance (Trail Making Test 
B). (Figures 4 and 5) We also compared the performance of CABG subjects with and without 
memory complaints, and there were no statistically significant differences in their Rey Auditory 
Verbal Learning Test Trial 1 or Trail Making test B performance. 
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COMMENT  
Our findings show a higher frequency of self-reported changes in memory at 3 and 12 months 
among patients who have had CABG than among nonsurgical patients with comparable risk factors 
for coronary artery and cerebrovascular disease. Changes in personality were also more common 
among CABG patients than nonsurgical controls at 3  and 12 months, but when we stratified by the 
3-month response, there was no statistically significant difference between  CABG patients and 
controls in personality at 12 months.  Somewhat surprisingly, the incidence of memory complaints 
continued to increase between 3 and 12 months for both the CABG and nonsurgical control patients. 
The self-reported cognitive changes after CABG appear to be relatively specific to memory, in that 
we found no difference in the incidence of subjective changes in calculations, reading, or overall 
functional status.  The differences in self-reported memory and personality changes could not be 
accounted for by differences in levels of post-operative depression or demographic variables.  
The reason why memory complaints are more  prevalent in the CABG group  remains 
unclear. Several previous studies have concluded that subjective symptoms after CABG are due to 
depressed mood.3,4,13 This has become such established dogma that many patients who complain 
about changes in their memory after surgery are often told that they are “just depressed.”   Although 
depression may increase the likelihood of reporting subjective symptoms, it does not appear to be 
the entire explanation for the high frequency of subjective symptoms in our CABG group. Patients 
with subjective symptoms were more likely to be depressed, but having had surgery remained an 
important and statistically significant risk factor even after adjusting for the score on the CES-D. On 
the assumption that depression may lead to more nonspecific or global cognitive complaints,  one 
would not expect the self-reported symptoms to be limited to memory if depression were the main 
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source of these complaints. Additionally, we have observed that rates of depression after CABG 
decrease over time, whereas rates of self-reported memory symptoms increase over time. 
We have considered other possible explanations for why self-reported memory symptoms are 
more common among CABG than nonsurgical controls, despite the lack of difference in objective 
cognitive performance.  One such possibility is that the use of CPB is associated with some 
cognitive changes during the immediate postoperative period, but these changes are reversible as 
measured by objective neuropsychological measures. Because recovery of cognitive functions after 
surgery is a  slow,  gradual process, patients who experience transient decline in their memory may 
not be aware that they are more or less back to their pre-surgical level by 3 months and thus continue 
to perceive their memory as being  worse than before surgery.  
Estimates of the prevalence of subjective memory complaints in the general population 
suggest that up to one-third of older individuals may report subjective memory complaints. Age 
appears to be a strong predictor of having subjective memory complaints, as does having a close 
relative with history of dementia. 14 Since the mean age of the CABG patients was slightly lower 
than for the nonsurgical controls, however, we do not think that age can explain the difference in 
frequency of self-reported symptoms. 
 It is possible that having major surgery with general anesthesia could account for the 
difference in subjective complaints. The frequency of self-reported memory symptoms in our CABG 
group is similar to that which has been reported for noncardiac surgery. Johnson et al. found  that 
29% of their patients reported subjective symptoms of cognitive change at 3 months after 
undergoing major abdominal or orthopedic surgery.15 A similar percentage of patients with 
subjective memory complaints at 6 months after noncardiac surgery was reported by Dijkstra and 
colleagues.16 These, as well as several other studies that have investigated the relationship between 
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subjective cognitive symptoms and objective test findings, have generally found a higher frequency 
of subjective symptoms than actual cognitive impairment as measured by neuropsychological tests.  
 Both the CABG and nonsurgical  patients have risk factors not only for cardiovascular but 
also for cerebrovascular disease. There are several reasons to believe that the subjective symptoms 
may be related to progression of underlying cerebrovascular disease. First, the frequency of the 
subjective memory symptoms appears to be increasing over time for both the CABG and the 
nonsurgical controls. Some studies that have investigated subjective symptoms beyond 12 months 
report an even higher frequency of subjective memory complaints than we observed in our study. 
For example, Bergh and colleagues found that 60% of their CABG patients reported subjective 
memory symptoms up to 2 years after surgery. 2 This increase in subjective memory complaints over 
time would be more consistent with progression of underlying cerebrovascular small vessel ischemic 
disease than with a single exposure to cardiopulmonary bypass. 
 Second, studies that have compared the frequency of subjective memory complaints in 
CABG  with either PTCA or off-pump surgery patients have found no group differences.  In the 
study by Bergh and colleagues, the proportion of subjects reporting memory symptoms was similar 
among the patients with PTCA (63%) and those with CABG (60%).  A more recent report from the 
Octopus trial found no significant differences between CABG and off-pump patients in the 
frequency of subjective cognitive symptoms at baseline, or change in symptoms from baseline to 12-
month follow-up. 17 
 Third, in a study examining the relationship between subjective cognitive symptoms and 
cerebral white matter lesions, more severe white matter lesions were found among those subjects 
with subjective complaints, even in the absence of abnormalities on neuropsychological testing. 18 
These findings suggest that subjective cognitive symptoms may reflect subtle effects of  mild 
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underlying vascular disease that may not necessarily be detectable by objective neuropsychological 
testing. 
We have also considered whether subjective symptoms may be a marker of future cognitive 
decline. There are several studies that have reported decline in cognitive performance between 1 and 
5 years after CABG. A study from Duke University found that 42% of their patients had decline 
relative to their baseline performance when tested 5 years after surgery. One of the predictors of late 
decline was having cognitive decline during the immediate postoperative period. We and others have 
also found that a proportion of CABG patients decline in certain areas of cognitive test performance 
5 years after surgery.10,19,20 Because none of the long-term follow-up studies have included a control 
group, it is still unclear whether these late cognitive changes are specific to the use of 
cardiopulmonary bypass.  
 Subjective memory symptoms may represent a precursor of these late cognitive changes. A 
review of recent clinical and population-based studies concluded that subjective memory complaints 
might have different implications, depending on the age of the cohort studied. In middle-aged 
individuals, memory complaints may reflect depression, anxiety, or personality factors. By contrast, 
in older individuals, subjective memory complaints may be more likely to reflect actual change in 
cognitive functions. 21 
We have previously reported that the CABG group and nonsurgical controls in this study do 
not differ in terms of their performance on objective neuropsychological tests at 3 and 12 months9. A 
similar discrepancy between objective cognitive measures and self-reported symptoms has been 
reported for other studies that have examined postoperative cognitive outcomes after both cardiac 4 
and  noncardiac surgery. 8 These findings might suggest that subjective memory complaints do not 
reflect an underlying change in actual cognitive abilities. Alternatively, the relationship between 
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subjective complaints and objective test performance may be complicated by subgroups of patients. 
For example, some patients with true memory impairment may not report any subjective changes 
because of lack of insight (anosognosia), whereas some patients with depression may report 
subjective symptoms despite normal memory.  Another possibility is that when patients report 
changes in their memory, this might include a variety of perceived problems, ranging from 
difficulties with word-retrieval to inattention or absent-mindedness. 
Some findings from recent studies comparing subjective memory symptoms and objective 
neuropsychological test performance suggest that subjective symptoms may reflect aspects of 
memory other than those captured by traditional measures of new learning and delayed recall. 
Working memory refers to an aspect of memory that is closely related to mechanisms of divided 
attention. It is a type of  “memory” that permits manipulation of information while it is being 
maintained in a short-term, temporary store. The ability to repeat numbers in the reverse order of 
that being presented (Digit Span Backwards) is an example of a test that evaluates working memory. 
In samples of patients with HIV-related cognitive impairment, performance on measures of working 
memory was found to have the most robust association with subjective complaints, whereas 
traditional measures of new learning and delayed recall had a more modest association. 22 A similar 
relationship between performance on measures of working memory and subjective cognitive 
symptoms has also been found in other clinical samples, such as multiple sclerosis 23 and closed 
head injury. 24 We did not include specific measures of working memory in this study, but we did 
not find any differences between the CABG and nonsurgical groups on  subtests closely related to 
working memory tests, such as measures of attention and executive functions.  
 Our study has several possible limitations.  We did not assess self-reported cognitive 
symptoms at baseline (before surgery for the CABG group), and therefore, we cannot determine 
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what proportion of the CABG patients may have had subjective memory complaints even before 
surgery. In studies that have included baseline assessment, one reported a similar preoperative level 
of subjective complaints among CABG and vascular surgery patients. 25 Our quantification of 
subjective complaints relied on a set of focused questions asking about perceived changes in 
memory and other cognitive functions. There is no current agreement on the best external criteria for 
validation of subjective memory complaint questionnaires. We chose these questions because they 
correspond to questions asked during a clinical interview or assessment. 
In summary, our observations indicate that patients who have undergone CABG are more 
likely to report subjective memory symptoms than nonsurgical controls with coronary artery disease 
both at  3 months and 12 months after baseline assessment. These differences remain even after 
adjusting for demographic variables and depression scores.  The explanation for the higher 
frequency of subjective complaints among CABG patients is not clear, but may reflect the combined 
effects of having had major surgery with general anesthesia and progression of underlying 
cerebrovascular disease.  Continued follow-up of our cohort will help determine if the differences in 
subjective memory complaints between the CABG and nonsurgical controls will persist, and 
whether the presence of subjective memory complaints at 3 or 12 months will predict cognitive 
decline beyond the current 1-year follow-up.26 If subjective symptoms are predictive of late 
cognitive changes, this may allow for new approaches to strategies for preventing such late decline. 
27 
 
 
 
http://biostats.bepress.com/jhubiostat/paper33
Subjective symptoms CABG  
 Page 19 
Acknowledgments: 
 
This study was supported by grant 35610 from the National Institute of Neurological Disorders and 
Stroke, National Institutes of Health, Bethesda, MD; and by the Charles A. Dana Foundation, New 
York, NY. 
 
We thank Pamela Talalay, Ph.D. for her help during the preparation of this manuscript. We would 
also like to thank the cardiologists, cardiac surgeons, and anesthesiologists at our institution as well 
as Johns Hopkins Bayview Medical Center who helped with this study. Special thanks are extended 
to Maryanne Bailey, Catherine Christinzio, Sarah Moeller, and Sharon Owens, who performed the 
neuropsychological assessments, and to our study participants who volunteered their time and 
energy to make this study possible. 
 
 
 
 
 
Hosted by The Berkeley Electronic Press
Subjective symptoms CABG  
 Page 20 
References 
 
 1.  Selnes OA, Goldsborough MA, Borowicz LM, McKhann GM. Neurobehavioural sequelae of 
cardiopulmonary bypass. Lancet 1999;353:1601-1606. 
 2.  Bergh C, Backstrom M, Jonsson H, Havinder L, Johnsson P. In the eye of both patient and 
spouse: memory is poor 1 to 2 years after coronary bypass and angioplasty. Ann Thorac Surg 
2002;74:689-693. 
 3.  Vingerhoets G, De Soete G, Jannes C. Subjective complaints versus neuropsychological test 
performance after cardiopulmonary bypass. J Psychosom Res 1995;39:843-853. 
 4.  Khatri P, Babyak M, Clancy C, Davis R, Croughwell N, Newman M, Reves JG, Mark DB, 
Blumenthal JA. Perception of cognitive function in older adults following coronary artery 
bypass surgery. Health Psychol 1999;18:301-306. 
 5.  Shaw PJ, Bates D, Cartlidge NE, French JM, Heaviside D, Julian DG, Shaw DA. Neurologic 
and neuropsychological morbidity following major surgery: comparison of coronary artery 
bypass and peripheral vascular surgery. Stroke 1987;18:700-707. 
 6.  Murkin JM, Martzke JS, Buchan AM, Bentley C, Wong CJ. A randomized study of the 
influence of perfusion technique and pH management strategy in 316 patients undergoing 
coronary artery bypass surgery. J Thorac Cardiovasc Surg 1995;110:349-362. 
 7.  Townes BD, Bashein G, Hornbein TF, Coppel DB, Goldstein DE, Davis KB, Nessly ML, 
Bledsoe SW, Veith RC, Ivey TD, . Neurobehavioral outcomes in cardiac operations. A 
prospective controlled study. J Thorac Cardiovasc Surg 1989;98:774-782. 
http://biostats.bepress.com/jhubiostat/paper33
Subjective symptoms CABG  
 Page 21 
 8.  Dijkstra JB, Jolles J. Postoperative cognitive dysfunction versus complaints: a discrepancy in 
long-term findings. Neuropsychol Rev 2002;12:1-14. 
 9.  Selnes OA, Grega MA, Borowicz LM, Jr., Royall RM, McKhann GM, Baumgartner WA. 
Cognitive changes with coronary artery disease: a prospective study of coronary artery 
bypass graft patients and nonsurgical controls. Ann Thorac Surg 2003;75:1377-1384. 
 10.  Selnes OA, Royall RM, Grega MA, Borowicz LM, Jr., Quaskey S, McKhann GM. Cognitive 
changes 5 years after coronary artery bypass grafting: is there evidence of late decline? Arch 
Neurol 2001;58:598-604. 
 11.  Jette AM, Davies AR, Cleary PD, Calkins DR, Rubenstein LV, Fink A, Kosecoff J, Young 
RT, Brook RH, Delbanco TL. The Functional Status Questionnaire: reliability and validity 
when used in primary care. J Gen Intern Med 1986;1:143-149. 
 12.  Radloff LS. The CES-D scale: a self-report depression scale for research in the general 
population. Appl Psychol Measurement 1977;1:385-401. 
 13.  Newman S, Klinger L, Venn G, Smith P, Harrison M, Treasure T. Subjective reports of 
cognition in relation to assessed cognitive performance following coronary artery bypass 
surgery. J Psychosom Res 1989;33:227-233. 
 14.  Commissaris CJ, Ponds RW, Jolles J. Subjective forgetfulness in a normal Dutch population: 
possibilities for health education and other interventions. Patient Educ Couns 1998;34:25-32. 
Hosted by The Berkeley Electronic Press
Subjective symptoms CABG  
 Page 22 
 15.  Johnson T, Monk T, Rasmussen LS, Abildstrom H, Houx P, Korttila K, Kuipers HM, 
Hanning CD, Siersma VD, Kristensen D, Canet J, Ibanaz MT, Moller JT. Postoperative 
cognitive dysfunction in middle-aged patients. Anesthesiology 2002;96:1351-1357. 
 16.  Dijkstra JB, Houx PJ, Jolles J. Cognition after major surgery in the elderly: test performance 
and complaints. Br J Anaesth 1999;82:867-874. 
 17.  Keizer AM, Hijman R, van Dijk D, Kalkman CJ, Kahn RS. Cognitive self-assessment one 
year after on-pump and off-pump coronary artery bypass grafting. Ann Thorac Surg 
2003;75:835-838. 
 18.  de Groot JC, de Leeuw FE, Oudkerk M, Hofman A, Jolles J, Breteler MM. Cerebral white 
matter lesions and subjective cognitive dysfunction: the Rotterdam Scan Study. Neurology 
2001;56:1539-1545. 
 19.  Sotaniemi KA, Mononen H, Hokkanen TE. Long-term cerebral outcome after open heart 
surgery. A five-year neuropsychological follow-up study. Stroke 1986;17:410-416. 
 20.  Newman MF, Kirchner JL, Phillips-Bute B, Gaver V, Grocott H, Jones RH, Mark DB, Reves 
JG, Blumenthal JA. Longitudinal assessment of neurocognitive function after coronary- 
artery bypass surgery. N Engl J Med 2001;344:395-402. 
 21.  Jonker C, Geerlings MI, Schmand B. Are memory complaints predictive for dementia? A 
review of clinical and population-based studies. Int J Geriatr Psychiatry 2000;15:983-991. 
 22.  Bassel C, Rourke SB, Halman MH, Smith ML. Working memory performance predicts 
subjective cognitive complaints in HIV infection. Neuropsychology 2002;16:400-410. 
http://biostats.bepress.com/jhubiostat/paper33
Subjective symptoms CABG  
 Page 23 
 23.  Matotek K, Saling MM, Gates P, Sedal L. Subjective complaints, verbal fluency, and 
working memory in mild multiple sclerosis. Appl Neuropsychol 2001;8:204-210. 
 24.  Arcia E, Gualtieri CT. Association between patient report of symptoms after mild head 
injury and neurobehavioral performance. Brain Injury 1993;7:481-489. 
 25.  Rodig G, Rak A, Kasprzak P, Hobbhahn J. Evaluation of self-reported failures in cognitive 
function after cardiac and noncardiac surgery. Anaesthesia 1999;54:826-830. 
 26.  McKhann GM, Goldsborough MA, Borowicz LM, Jr., Mellits ED, Brookmeyer R, Quaskey 
SA, Baumgartner WA, Cameron DE, Stuart RS, Gardner TJ. Predictors of stroke risk in 
coronary artery bypass patients. Ann Thorac Surg 1997;63:516-521. 
 27.  Forette F, Seux ML, Staessen JA, Thijs L, Babarskiene MR, Babeanu S, Bossini A, Fagard 
R, Gil-Extremera B, Laks T, Kobalava Z, Sarti C, Tuomilehto J, Vanhanen H, Webster J, 
Yodfat Y, Birkenhager WH. The prevention of dementia with antihypertensive treatment: 
new evidence from the Systolic Hypertension in Europe (Syst-Eur) study. 
 
Hosted by The Berkeley Electronic Press
Subjective symptoms CABG  
 Page 24 
Table 1:Baseline Demographic and Medical Characteristics  
 CABG 
(N= 140) 
NSC 
(N= 92) 
 
p-value 
Demographic data    
Mean age (years) 63.4 (9.6) 65.8 (9.2) 0.05 
Gender    (female) 25% 23%  
Ethnicity  (white)            90% 94%  
Retired 43% 59%  
Married 77% 71%  
Mean education level (yrs) 14.1 (3.9) 14.4 (3.4)  
Medical History Info   
COPD 9% 5%  
Past CVA 6% 4%  
Carotid bruit 15% 8%  
Hypertension 62% 50%  
Diabetes 30% 23%  
PVD 16% 7% 0.02 
TIA 6% 3%  
MI 46% 49%  
MI past month 18% 1% 0.0001 
Chest pain 79% 61% 0.003 
Pre-op a-fib 13% 17%  
FH Alzheimer’s 14% 10%  
H/O smoking 68% 57%  
Current smoker 12% 3% 0.01 
Mean # vessels diseased 2.75 (0.54) 1.95 (0.77) 0.0001 
# vessels diseased       1 
                                     2 
                                     3 
5% 
15% 
80% 
32% 
41% 
27% 
 
0.0001 
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Past PTCA 20% 53% 0.0001 
Past CABG 9% - - 
Past GA (5 years) 26% 25%  
Mean FSQ score (0-36) 31 (5) 33 (4) 0.0001 
Mini-Mental Status Exam score 
(0-30) 
27.5 (2.5) 27.9 (2.1)  
Mean CES-D score (0-60) 12.9 (9.6) 9.0 (7.6) 0.0001 
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Table 2  Relative risks (with confidence intervals) of self-reported symptoms for CABG patients as compared to nonsurgical control  
patients for various subjective outcomes 
 
 
  Proportion with outcome Crude Adjusted 
(no CESD) 
Adjusted 
(with CESD) 
Time Outcome NSC(%) CABG(%) RR CI RR CI RR CI 
Memory 5/84 (6%) 32/116 (28%) 4.63 (1.88,11.4) 4.72 (2.45,21.8) 4.96 (2.41,15.9) 
Calculations1 2/84 (2%) 5/116 (4%) 1.85 (0.35,9.76) 1.71 (0.32,9.23) 1.42 (0.25,8.18) 
Personality 5/84 (6%) 26/114 (23%) 3.83 (1.54,9.56) 3.58 (1.66,9.97) 3.63 (1.83,17.9) 
Paper1 2/84 (2%) 7/116 (6%) 2.63 (0.53,13.01) 2.88 (0.56,14.9) 2.93 (0.56,15.2) 
Books 4/84 (5%) 16/116 (14%) 2.90 (1.00,8.35) 3.32 (1.31,29.5) 3.03 (1.14,21.96) 
3 
months 
FSQ 27/84 (32%) 32/113 (28%) 0.88 (0.57,1.35) 0.94 (0.55,1.41) 0.88 (0.57,1.67) 
Memory 12/83 (14%) 47/120 (39%) 2.71 (1.53,4.78) 2.52 (1.23,5.76) 2.83 (1.76,6.28) 
Calculations 4/83 (5%) 8/120 (7%) 1.41 (0.41,4.85) 1.57 (0.43,5.77) 1.46 (0.33,6.49) 
Personality 5/83 (6%) 22/120 (18%) 3.04 (1.20,7.71) 2.40 (1.06,7.74) 3.35 (1.17,17.4) 
Paper 4/83 (5%) 6/119 (5%) 1.05 (0.29,3.84) 1.20 (0.31,4.63) 1.24 (0.32,4.78) 
Books 5/83 (6%) 14/119 (12%) 1.95 (0.73,5.21) 1.80 (0.75,5.69) 1.85 (0.77,16.0) 
12 
months 
FSQ 32/82 (39%) 28/117 (24%) 0.61 (0.40,0.93) 0.56 (0.28,1.07) 0.57 (0.34,0.91) 
 
 
1 For Calculations and Paper the relative risk is approximated by the odds ratio under the rare disease assumption 
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Table 3  Incidence and maintenance models for self-reported symptoms at 12 months conditional on the 3-month responses 
 
 
  Proportion with complaints at 
12 months 
Crude Adjusted 
(no CESD) 
Adjusted  
(with CESD) 
 Outcome NSC (%) CABG (%) RR CI OR2 CI OR2 CI 
Memory 9/74 (12%) 24/79 (30%) 2.50 (1.24,5.02) 3.04 (1.29,7.20) 2.96 (1.21,7.26) 
Calculations 3/77 (4%) 6/106 (6%) 1.45 (0.37,5.63) 1.84 (0.41,8.30) 1.40 (0.22,8.98) 
Personality 4/75 (5%) 8/83 (10%) 1.81 (0.56,5.76) 1.87 (0.53,6.58) 3.18 (0.71,14.1) 
Paper 2/77 (3%) 2/104 (2%) 0.74 (0.11,5.14) 1.00 (0.12,8.49) 1.01 (0.11,9.13) 
Books 4/75 (5%) 9/98 (9%) 1.72 (0.55,5.38) 1.88 (0.53,6.58) 1.66 (0.45,6.09) 
Incidence 
model  
No complaints 
at 3 months 
 
FSQ 14/53 (26%) 9/78 (12%) 0.44 (0.20,0.94) 0.30 (0.11,0.83) 0.30 (0.11,0.84) 
Memory 3/5 (60%) 18/32 (56%) 0.94 (0.43,2.04) 0.64 (0.07,5.80) 1.80 (0.12,27.4) 
Calculations1 1/2 (50%) 1/5 (20%) 0.40 (0.04,3.74) - - - - 
Personality 1/4 (25%) 10/26 (38%) 1.54 (0.26,8.99) 2.53 (0.19,34.0) 1.72 (0.12,24.2) 
Paper1 2/2 (100%) 4/7 (57%) 0.57 (0.30,1.09) - - - - 
Books1 1/4 (25%) 3/13 (23%) 0.92 (0.13,6.60) - - - - 
Maintenance 
model  
Complaints at 
3 months 
 
FSQ 17/25 (68%) 17/31 (55%) 0.81 (0.53,1.22) 0.51 (0.15,1.77) 0.40 (0.10,1.62) 
 
1 Odds ratios are calculated instead of relative risks because of small group sizes. 
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Figure 1 
Frequency of self-reported memory changes for CABG patients and nonsurgical controls at 3 and 12 
months. At 12 months, the cross-hatched sections indicate the percent who had also reported 
subjective symptoms at 3 months. 
 
 
Figure 2 
Frequency of depression, as defined by a CES-D score of 16 or above, at baseline, 3 and 12 months 
for the CABG and nonsurgical control patients. 
 
 
Figure 3 
Longitudinal performance of the two study groups on a summary measure of memory. There is no 
difference between the two groups in their overall trends of performance over time (p = 0.24). 
 
 
Figure 4 
Longitudinal performance of the two study groups on a measure of attention (Rey Auditory Verbal 
Learning, Trial 1). There is no difference between the two groups in their overall trends of 
performance over time (p = 0.16). 
 
 
Figure 5 
Longitudinal performance of the two study groups on a measure of executive function (Trail Making 
test B). There is no difference between the two groups in their overall trends of performance over 
time (p = 0.42). 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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